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PROCESS EMPLOYING MAGNESIUM HYDROXIDE IN 
PEROXIDE BLEACHING OF MECHANICAL PULP 

This application claims the benefit of Provisional Application No. 60/207,205, filed May 
26, 2000, and Provisional Application lsk>. 60/178,704, filed January 28, 2000, which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to bleaching of wood pulps, and in particular to peroxide 
bleaching of mechanical wood pulps using magnesium hydroxide as a source of alkali. 

Prior Art 

Mechanical pulps are produced from wood using mechanical means only. There are four 
mechanical pulping processes in use commercially; the stone groundwood (SGW), pressurized 
stone groundwood (PSGW), refiner mechanical (RMP) and thermomechanical pulp (TMP) 
pulping processes. The stone groundwood process and the pressurized stone groundwood 
process use wood bolts while the refiner mechanical and thermomechanical pulping processes 
use chips. The stone groundwood process is the leading process for mechanical pulping but is 
rapidly being replaced by the thermomechanical pulping process because there are distinct 
economies that arise from using chips rather than wood bolts, and the resultant 
thermomechanical pulp is inherently stronger. In mechanical pulping, no active chemical, other 
than water, is used to facilitate fiber liberation. Virtually, all of the chemical constituents in the 
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wood are retained in mechanical pulp, including lignin and other chromophores, which cause 
darkening qf the pulp. 

Mechanical pulps are typically bleached to enhance their brightness. In the bleaching 
process, hydrogen peroxide and caustic soda (i.e. sodium hydroxide) are widely used bleaching 
chemicals. Hydrogen peroxide forms perhydroxyl anions, which are the active bleaching agents. 
An alkali, such as sodium hydroxide, must be present to provide the hydroxyl anion necessary to 
generate the perhydroxyl anion. The perhydroxyl anions that are formed release oxygen for slow 
bleaching of mechanical pulps without degrading the cellulose polymer of the pulp. If hydroxyl 
radicals are formed instead of perhydroxyl anions, damage to the cellulose polymer will occur 
and a decrease in pulp strength will result. 

Auxiliary chemicals such as caustic soda, sodium silicate, and DTPA 
(diethylenetriaminepentaacetic acid) or EDTA (ethylenediaminetetraacetic acid) are typically 
added along with hydrogen peroxide to create a stabilized environment for the formation of 
perhydroxyl anions. Caustic soda is a strong base that provides the alkalinity and pH (9-11) that 
are generally thought to be necessary to promote the bleaching process. However, caustic soda 
can be harsh to pulp fibers. Sodium silicate is typically used as a stabilizer in conjunction with 
DTPA, a chelant, to prevent catalytic destabilization of hydrogen peroxide into harmful radicals. 
Both sodium silicate and DTPA are believed to scavenge transition metals such iron, manganese, 
and copper, which catalyze the decomposition of hydrogen peroxide. Sodium silicate has a 
disadvantage in that it has a tendency to scale and is abrasive in refiner bleaching. 

In peroxide bleaching of mechanical pulp, the main objective is to raise the brightness 
(whiteness) of the pulp without sacrificing pulp yield. The lignin-carbohydrate matrix should be 
maintained without dissolving any solid substance other than the extractive components in the 
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wood. Pulp yield is critical because the cost of the raw wood represents a significant portion of 
the manufacturing cost of pulp. 

The mechanical pulp industry uses primarily two bleaching agents: sodium hydrosulfite 
(sodium dithionite Na2S204), a reducing agent, and hydrogen peroxide, an oxidative bleaching 
agent. 

Hydrogen peroxide can react with chromophoric groups or sites on the lignin polymer, 
usually conjugated carbonyl groups that have a propensity for absorbing visible light. Hydrogen 
peroxide can partially destroy these chromophoric groups, thus raising the brightness or 
whiteness of the pulp. The ISO brightness scale ranges from 0%, which is a black body, to 
perfect whiteness of 100%, given by a MgO standard crystal. Depending upon the processing 
conditions and the age of the wood, unbleached TMP pulp typically has a brightness between 55 
to 60 on the ISO scale, compared to unbleached stone groundwood pulp, which is 60 to 65. For 
mechanical pulp such as TMP, the brightness gain using hydrogen peroxide is typically 10 to 15 
brightness units using the ISO brightness scale. 

In hydrogen peroxide bleaching, the perhydroxyl anion, OOH" is generally regarded as 
the active species that does the bleaching. The perhydroxyl anion occurs through dissociation: 

H 2 0 2 - OOH" + H + (1) 

The dissociation is strongly affected by pH and to a lesser extent by temperature. 

The addition of an alkali and the control of the bleaching temperature can regulate the 
concentration of the perhydroxyl ion. Adding alkali shifts the equilibrium to the right and raises 
the concentration of the perhydroxyl anion according to the following equation: 
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t 

> H 2 0 2 + OH* = OOH' + H 2 0 (2). 

In bleaching mechanical pulps, the pHjs typically maintained in the range between 10.8 to 1 1.2 
with the aid of a buffer, such as sodium silicate, to avoid excess peroxide decomposition. 
Typical levels of caustic addition range from about 1% to 3%, (wt % based upon the pulp mass), 
and depending upon the alkalinity of the system. 

Decomposition of hydrogen peroxide to forms other than the perhydroxyl anion is to be 
avoided because hydrogen peroxide is expensive. If the peroxide decomposes to forms other 
than the perhydroxyl ion, then less perhydroxyl anion is available for bleaching. Hydrogen 
peroxide dissociates into various free radical species according to the following equations: 

H 2 0 2 = OH' + OH + (3) 
H 2 0 2 = OOH # + H* (4) 
H 2 0 2 = OH* + OH* (5). 

The hydroxide free radical (OH*) is thought to decompose the carbohydrate components, 
cellulose and hemicellulose polymers, found in the wood. This is an important consideration 
when bleaching chemical pulps, but is not a major consideration when bleaching mechanical 
pulps. Mechanical pulps are added primarily as a filler, but not for strength, and must provide 
opacity, brightness, and print quality. 

Hydrogen peroxide can further decompose to form oxygen through the following reaction 
with the perhydroxyl ion: 
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, H 2 0 2 + OOH" = OH" + 0 2 (g) + H 2 0 (6). 

The maximum amount of decompositi<?n occurs at 50% dissociation or when the pH is equal to 
the pK for the dissociation reaction. Approximately 10% of the available hydrogen peroxide 
decomposes to perhydroxyl anion OOH" at pH 10.5. The decomposition increases to 
approximately 95% of the available hydrogen peroxide at pH 12.5. The pH is controlled to a 
value of 10.8 to 1 1.2 when bleaching mechanical pulps to control the decomposition of both the 
perhydroxyl anion and the unreacted peroxide. 

The decomposition of hydrogen peroxide is catalyzed by the presence of metal ions, 
notably manganese, iron, and other transition metals. Overall, the process can be represented by 
the following equations: 

2H 2 0 2 + M +2 - M +3 + OH" + OH* (8) 

H 2 0 2 + M +3 = M +2 + H # + OOH* (9) 

OOH* = 02(g) + H* (10) 

H* + OH* -H 2 0 (11). 

These decomposition reactions remove peroxide before it can dissociate to form the perhydroxyl 
anion (given by equation (2)) and participate in bleaching reactions. Metals removal and control 
of the bleach liquor is an important part of the efficient use of hydrogen peroxide bleaching of 
mechanical pulps. 
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' Mechanical pulps are typically pretreated. The purpose of pretreating mechanical pulps 
prior to hydrogen peroxide bleaching is to tie up and wash out most of the transition metals 
present in the pulp prior to the addition of the bleaching liquor. Metals originate from the wood 
and the piping system, and both sources must be controlled. There are two principle methods 
used commercially to manage the metals in peroxide bleaching: (1) by stabilization of the 
mixture with sodium silicate, and (2) pretreatment and subsequent removal of metals from the 
pulp with an organic chelating agent. 

Adding sodium silicate to the bleach liquor is thought to have two benefits: it 
significantly reduces peroxide decomposition and it improves the stability of the bleach liquor. 
Approximately 3% sodium silicate (wt%, based on pulp mass) is added when bleaching 
mechanical pulps where scaling is not a problem. In cases where scaling is severe, that is, when 
closed water loops allow buildup, a typical dose rate is 1% to 2%. When bleaching is done in 
refiners, sodium silicate is avoided to minimize scale buildup and reduced refiner plate life from 
abrasion. When sodium silicate cannot be used, organophosphonates are sometimes employed. 
The use of organic stabilizers is not commonly practiced because of poor performance and 
unfavorable economics. 

The exact mechanism by which sodium silicate functions is not precisely known. 
Sodium silicate is thought to act as a metal ion sequestrant, as a buffering agent, and as a 
promoter of metal surface passivity. With regard to stabilization, metal sequestration and 
rendering metal surfaces passive are two important functions of sodium silicate. However, one 
major disadvantage of sodium silicate is scaling. As a result, there is a need for an inorganic 
substitute for sodium silicate. 
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A second common method for metals control involves pulp pretreatment using an organic 
chelating or sequestering agent. The material must be compatible with the hydrogen peroxide 
and must also be able to form a complex with the metallic ions. Typically, the pentasodium salt 
of diethylenetriaminepentaacetic acid t (Na 5 DTPA) is used in this role. The pretreatment is 
usually carried out at low consistency (consistency being wt% pulp in the pulp-liquor mixture), 
typically 3-5%, in a latency chest following refining, at a pH of 4 to 6.0. The pulp is then 
thickened prior to bleaching to moderate or medium consistency (6% to 14%) using a decker 
(6% to 8%) or disk filter (10% to 14%), or to a high consistency (20% to 25%) using a belt-press 
or a twin-roll press. This thickening step is very important as the complexed metals are washed 
from the pulp during the change in solids level If the thickening step prior to bleaching is not 
possible, the treatment will still work, but will be less effective. The bleach liquor that is applied 
to the mechanical pulp to bleach mechanical pulp is a mixture of caustic soda and hydrogen 
peroxide in water. The bleaching liquor may also have other components to aid the bleaching 
reactions. Most often it contains some level of sodium silicate (41°Be), usually 1% to 3%, 
measured on an oven dry basis. Sometimes the bleach liquor will contain magnesium sulfate if it 
has been determined that extra Mg +2 ion will aid in liquor stability, and therefore the overall 
brightness gain of the pulp. Table 1 gives the composition of typical liquor for bleaching 
mechanical pulp. 

Table 1 



Typical Peroxide Bleaching Liquor Amount Added Based Upon Pulp 



Component 


Amount 


Hydrogen Peroxide (H 2 0 2 ) 


0.5% to 4% 


Caustic Soda (NaOH), 100% 


1.0% to 2.5% 


Sodium Silicate^, 41 °Be 


2% to 5% 


DTPA 


0.15% to 0.3% 


(a) Water glass with a typical ratio Na 2 O3.75Si0 2 
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In a typical hydrogen peroxide bleaching process, wood pulp is combined with caustic 
soda (NaOH), sodium silicate and a chelating/sequestering agent. 

The typical hydrogen peroxide bleaching process according to the prior art is 
characterized by the following problems: 

High pH, which must be adjusted prior to discharge of effluent to outfall pipes. 

Sodium silicate scaling, which reduces its utility. 

Use of caustic soda, which is a strong base, and which tends to degrade wood pulp 
resulting in relatively low pulp yields and high chemical oxygen demand (COD.) 

High concentrations of caustic soda and sodium silicate result in high concentrations of 
anionic "trash" in bleaching effluent, which in turn requires the use of retention chemicals in 
later paper-making processes. 

While it has been known to use magnesium salts, such as magnesium sulfate (MgS0 4 ), 
magnesium oxide (MgO) and magnesium hydroxide (Mg(OH) 2 ), in the hydrogen peroxide 
bleaching of mechanical pulps, it has heretofore been believed that peroxide bleaching must be 
carried out at elevated pH, e.g. between 10 and 12, in order to ensure sufficient concentration of 
hydroperoxyl anion (HOO") to oxidatively destroy chromophoric groups in the wood pulps. 
Accordingly, it has been known in the art to partially replace sodium silicate or sodium 
hydroxide with magnesium salts. However, it has not heretofore been known to conduct 
hydrogen peroxide bleaching of wood pulps at or near neutral pH 5.0-8.5 in the presence of 
magnesium hydroxide as the alkali source. 

There is, therefore, a need for an improved method of bleaching wood pulps with 
peroxide that does not use sodium silicate or added caustic (e.g., NaOH). There is also a need 
for a method of bleaching wood pulps that can be performed at neutral pH (e.g., 5.0 - 8.5), and 
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that'produces less COD and anionic trash than prior art methods. There is furthermore a need for 
a process of bleaching wood pulp that permits economical recycling of unused hydrogen 
peroxide. There is also a need for a method of bleaching wood pulp that produces brightness 
values of greater than about 71 %, and,up to about 75 % while excluding added silicate in most 
cases and/or caustic. 

Summary of the Invention 

It is accordingly an object of the invention to provide a process of making a bleached 
wood pulp from an aqueous slurry of wood pulp to be bleached by bleaching the wood pulp with 
hydrogen peroxide in the presence of a magnesium compound selected from the group consisting 
of magnesium hydroxide and magnesium oxide at a pH lower than the pH used with prior art 
caustic processes. 

A further object of the invention is to provide a process of bleaching a wood pulp by 
washing the wood pulp, contacting the washed wood pulp with a first chelating agent and 
optionally dewatering to form a washed wood pulp; and bleaching the washed wood pulp with 
hydrogen peroxide and a magnesium compound selected from the group consisting of 
magnesium hydroxide and magnesium oxide for a time sufficient to produce the bleached wood 
pulp. 

Other object and advantages of the invention will become apparent as the description 
thereof proceeds. 

In satisfaction of the foregoing objects and advantages, the present invention provides a 
process for bleaching a mechanical wood pulp to produce a bleached wood pulp product, 
comprising: preparing a slurry comprising mechanical wood pulp and water; adding to the slurry 
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a bleaching agent comprising hydrogen peroxide and a magnesium compound selected from the 
group consisting of MgO and Mg(OH) 2 to form an aqueous bleaching mixture; contacting said 
bleaching agent with the wood pulp at a near neutral pH for a sufficient time to produce the 
bleached wood pulp product, and the recovering pulp product so produced. 

In further embodiments, the present invention provides a process of making a bleached 
wood pulp from an aqueous slurry of wood pulp by combining the wood pulp slurry to be 
bleached with a composition comprising recycled filtrate comprising residual hydrogen peroxide, 
optionally fresh hydrogen peroxide and a magnesium compound selected from the group 
consisting of magnesium hydroxide and magnesium oxide as the bleaching mixture; maintaining 
the bleaching mixture for a time sufficient to produce the bleached wood pulp; separating the 
bleached wood pulp from a filtrate comprising water and residual hydrogen peroxide; and 
recycling at least a portion of the filtrate. 

In its broadest embodiment, the present invention relates to an improved process of 
bleaching mechanical wood pulps with hydrogen peroxide and a magnesium compound at near 
neutral pH. In this process wood pulp is contacted with hydrogen peroxide in an aqueous liquor 
at or near neutral pH, wherein magnesium hydroxide or magnesium oxide (which slakes to 
magnesium hydroxide in situ) is the predominant, and preferably essential, source of alkali in the 
bleaching liquor. Magnesium hydroxide is a weak base that is relatively insoluble in water. The 
present inventors have discovered that magnesium hydroxide provides a steady, even supply of 
alkali for producing perhydroxyl anion, which is the active bleaching species. Thus, as 
compared to sodium hydroxide, which is a strong base, magnesium hydroxide produces a more 
consistent concentration of perhydroxyl anions for bleaching, while at the same time producing 
fewer non-perhydroxyl anion by-products. As a result, hydrogen peroxide bleaching at or near 
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neutral pH using magnesium hydroxide as the essential, and preferably sole, source of alkali 
produces wood pulps with superior advantages over prior art caustic bleaching. 

In other aspects, the present invention provides a hydrogen peroxide bleaching process 
for wood pulps which occurs at or neat neutral pH, e.g. in a pH range of about 5.0 to about 8.5, 
preferably in a pH range of about 6.5 to about 8.0. The present invention further avoids the 
problem of sodium silicate scaling by conducting the bleaching substantially in the absence of 
added sodium silicate. The process for bleaching wood pulp according to the invention, provides 
improved pulp yield and a concomitant decrease in chemical oxygen demand (COD) by 
substantially excluding added caustic from the bleaching liquor. The present invention also 
provides bleached wood pulp products having brightness values similar to those of traditional 
hydrogen peroxide/sodium hydroxide/sodium silicate bleached pulps, e.g. ISO brightness up to 
about 75 %, without the disadvantages of prior art caustic bleaching process. 

In the process of the invention, a method of bleaching wood pulp is provided which is 
conducted at pH values below or near neutral. As a result, significant amounts of hydrogen 
peroxide remain in the filtrate after the bleaching procedure. This residual hydrogen peroxide 
may then be recycled, thereby improving the economics of the process. In addition, when the 
process is conducted according to the invention, bleaching of the wood pulps at or near neutral 
pH also results in reduced anionic trash, e.g., up to a 40% reduction. Thus, the bleached wood 
pulp produced by the process according to the present invention possesses superior paper-making 
properties, such as improved cationic demand. 

These and other advantages of the present invention will become clear to the ordinary 
artisan upon gaining familiarity with the following description and claims. 
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* BRIEF DESCRIPTION OF THE DRAWINGS 

Reference is now made to the drawings accompanying the application wherein: 
FIG. 1 is block diagram of a peroxide bleaching system according to the present 
invention. 

FIG. 2 is block diagram of a peroxide bleaching system according to the present 
invention, with recycling of residual hydrogen peroxide. 

FIG. 3 is a bar graph of brightness results for a TMP pulp. 

FIG. 4 is a bar graph of residual H2O2 after bleaching of a TMP pulp. 

FIG. 5 is a bar graph of initial and final pH values of a TMP pulp. 

FIGs, 6-8 are bar graphs of ISO brightness, peroxide residual and pH under various 
chelation schemes, respectively. 

FIGs. 9-1 1 are bar graphs of ISO brightness, residual peroxide, and pH, respectively, for 
split Mg(OH)2 additions. 

FIGs. 12-14 are bar graphs of ISO brightness, residual peroxide, and pH, respectively, for 
recycled hydrogen peroxide bleaching. 

FIGs. 15-17 are bar graphs of ISO brightness, residual peroxide, and pH, respectively, for 
recycled hydrogen peroxide bleaching. 

FIGs. 18-20 are bar graphs of ISO brightness, residual peroxide, and pH, respectively, for 
recycled hydrogen peroxide bleaching with repeated use of filtrate containing residual peroxide. 

FIGs. 21-24 are bar graphs illustrating the response of ISO brightness, peroxide residual, 
pH and COD, respectively, at various Mg(OH)2 doses. 

FIGs. 25-27 are bar graphs illustrating the response of ISO brightness, peroxide residual, 
and pH, respectively, at various ratios of chelant to Mg(OH)2. 
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FIG. 28 shows various properties of pulp made by a process according to the present 
invention. 

FIGs. 29-31 are bar graphs illustrating the response of ISO brightness, peroxide residual, 
and pH, respectively, to various charges of Mg(OH)2* 

FIG. 32 is a bar graph showing the effect of a hydrosulfite stage on the ISO brightness 
level of bleached pulp. 

FIGs. 33-35 are bar graphs illustrating the response of ISO brightness, peroxide residual, 
and pH, respectively, to different charges of Mg(OH) 2 in the presence of hydrosulfite. 

FIGs. 36 and 37 are bar graphs illustrating the responses of ISO brightness and initial and 
final pH, respectively, at different charges of Mg(OH) 2 . 

FIGs. 38-40 are bar graphs illustrating the response of ISO brightness, peroxide residual, 
and pH, respectively, to different consistency of bleach pulp. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a process of hydrogen peroxide bleaching of wood pulp at 
or near neutral pH, using Mg(OH)2 or MgO as the predominant, and preferably essential, source 
of alkali. In preferred embodiments according to the present invention, the process substantially 
excludes added caustic, such as caustic soda (NaOH), and added silicate, such as sodium silicate 
in most cases. 

While Mg(OH)2 is the predominant, and preferably essential, source of alkali, those of 
skill in the art will recognize that minor amounts of other sources of alkali can be present, such 
as those sources of alkali that are inherently present in wood pulps, in the Mg(OH)2 and MgO, 
chelating agents, etc. as minor contaminants, as well as minor amount of other sources of alkali. 
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Wood pulps for use in the present invention advantageously include mechanical pulps, 
such as pulps produced by stone groundwood (SGW), pressurized stone groundwood (PSGW), 
refiner mechanical (RMP) and thermomechanical pulp (TMP) pulping processes. The examples 
below are primarily directed to TME processes; however it is to be understood that other 
mechanical pulping processes can advantageously be used to produce a suitable mechanical pulp 
that will serve as the raw material, or brown stock, for a process according to the present 
invention. Additionally, other pulping processes may be used to produce the brown stock, 
provided that the pulping process produces a pulp that has a significant amount of chromophore 
that is susceptible to hydrogen peroxide bleaching. The particular pulping process used depends 
upon the availability of wood stock and the available pulping facilities, and will vary from region 
to region and from one mill to another. 

Wood pulps may be made from any commercially available wood source, whether 
hardwoods or softwoods, including oak, ash, maple, etc. While the examples set forth below 
generally employ softwoods, the ordinary artisan will appreciate that other species of wood may 
be used, and are envisioned as being within the scope of the present invention. 

FIG. 1 illustrates a basic procedure for the bleaching process of the present invention. An 
unwashed pulp slurry 10 is combined with a charge of chelating agent 8 and is fed into a washer 
2. The washer discharges effluent 14, containing waste water and some metals bound up with 
chelating agent, to waste, and washed pulp slurry 16 to a steam mixer 4. A bleaching liquor 18 
comprising water, Mg(OH)2 and/or MgO, and H2O2 is also charged into the steam mixer 4, 
which discharges the bleaching mixture 12 to a bleach tower 6. The consistency of the bleaching 
mixture 12 in the bleach tower 6 is maintained at the desired level by adding water 22 to bleach 
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tower 6. After a reaction period, the bleached pulp 24 is discharged. Further conventional 
processing steps may then be performed to form the pulp into a useable paper product. 

FIG. 2 illustrates an alternative process of the present invention, which includes a recycle 
step. The same reference numbers are ;used to^ indicate analogous steps and materials in FIGs. 1 
and 2. As in FIG. 1, an unwashed pulp slurry 10 is combined with a charge of chelating agent 8 
and is fed into a washer 2. Advantageously, the washer 2 includes a drum filter or a two-roll 
press (not shown) that is capable of dewatering the pulp. The washer discharges effluent 14 to 
waste and washed pulp slurry 16 to a steam mixer 4. A portion of recycled bleaching liquor 30, 
containing residual hydrogen peroxide, is also charged to steam mixer 4, along with the 
bleaching liquor 18 comprising water, Mg(OH)2 and/or MgO, and H2O2. The steam mixer 4 
passes the bleaching mixture 12, containing pulp, magnesium hydroxide, and both fresh and 
recycled hydrogen peroxide to a bleach tower 6. The consistency of the bleaching mixture 12 in 
the bleach tower 6 is maintained at the desired level by adding water 22 to bleach tower 6. After 
a reaction period, the bleached pulp 24 is discharged via pump 20 to a press 26, which separates 
a portion of the bleaching liquor 30 from the bleached, dewatered pulp 28. As can be seen in 
FIG. 2, this portion of the bleaching liquor 30 is recycled to the steam press 4, where it is 
combined with pulp 16 and bleaching liquor 18. The bleaching liquor 30 contains unreacted 
peroxide and may be recycled without further processing or may be treated as desired prior to 
being recycled such as by the addition of fresh hydrogen peroxide. A portion of bleaching liquor 
30 may be removed at line 32 and optionally recycled to this bleaching stage, or a previous stage, 
recycled at any other point in the system, or sent to effluent. 
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The unbleached pulp 10 is commonly referred to as a brown stock pulp. In a process 
according to the present invention, brown stock pulp is produced by any mechanical or other 
appropriate pulping processes, such as TMP. 

The chelating agent 8 is any suitable chelant for sequestering metal ions, and in particular 
transition metal ions. Suitable chelating agents include diethylenetriaminepentaacetic acid 
(DTP A), and its salts, such as the pentasodium salt, ethylenediaminetetraacetic acid (EDTA), N- 
(2-hyroxyethyl) ethylenediaminetriacetic acid (HEDTA), diethylenetriamine pentamethylene 
phosphonic acid (DTPMPA), cyclic ethers, and salts thereof. Other chelating agents may be 
used, and the person skilled in the art will recognize that these are contemplated as being within 
the scope of the present invention. The amount of chelating agent present in the chelation step 
will vary depending upon, among other things, the level of transition metal contamination in the 
wood pulp, water, etc. In particular embodiments according to the present invention, the amount 
of chelating agent present in the chelation step is from about 0.01 wt. % up to about 1.0 wt. %, 
preferably about 0.1 to 0.5 wt. %, based on the dry mass of the pulp. 

The bleaching liquor 18 contains water, H2O2 and Mg(OH)2 or MgO. The bleaching 
liquor 18 advantageously contains other chemical agents, such as a chelating agent. While 
hydrogen peroxide is the preferred bleaching agent, those of skill in the art will understand that 
the peroxide source could be provided by other compounds such as compounds that would 
generate the desired peroxide species in situ. The person skilled in the art will recognize that 
Mg(OH)2 and MgO are relatively insoluble in water, and therefore, with respect to the Mg(OH) 2 
or MgO, the bleaching liquor is at some concentrations a slurry. In certain embodiments 
according to the present invention, the Mg(OH>2 or MgO is low in transition metal contaminants. 
In particular embodiments the Mg(OH)2 or MgO contains less than about 250 ppm Mn and/or 
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less "than about 0.15 % Fe and/or less than about 250 ppm Cu, based on the equivalent mass of 
Mg(OH)2. (As the formula weight of MgO is about two thirds that of Mg(OH)2, the respective 
contaminant levels based on MgO mass will be about one third more than those based on 
Mg(OH) 2 .) 

Advantageously, the Mg(OH)2 used in the invention will have a BET surface area of 
about 7 to about 15 m 2 /g, and the MgO will have a BET surface area of from about 5 to 200 
m 2 /g. As MgO slakes to Mg(OH) 2 on addition to water, the BET surface area of MgO is 
advantageously chosen to produce a Mg(OH)2 slurry having a BET surface area of less than 

2 2 

about 40 m /g, more preferably as low as about 1 8 to about 20 m /g, at full hydration. The 
particle size of the Mg(OH) 2 or MgO must be a caustic calcined grade sufficiently small for the 
slurry to be readily suspendible, advantageously having a d 50 of less than about 10 microns, 
preferably less than about 6 \xrn or less, a d 95 of about 20 jim or less, and a d 98 of less than about 
45 microns, as determined by the Micromeritics 5100 Sedigraph. The magnesium compound 
may be added to the bleaching mixture either as a dry powder or as a slurry. 

The person skilled in the art will recognize that, while FIGs. 1 and 2 show Mg(OH)2 
and/or MgO being added to the bleach slurry via a steam mixer, the exact point of addition of 
Mg(OH) 2 or MgO will advantageously be adapted to a particular mill configuration. In 
particular embodiments according to the present invention, the Mg(OH) 2 or MgO is added to the 
refiner, into a pipeline leading to the bleaching tower, or directly into the tower. In some 
embodiments according to the present invention, the Mg(OH)2 charge is split and additions made 
at more than one point in the system. 

In other embodiments according to the present invention, the bleaching liquor 18 further 
comprises, in addition to water, hydrogen peroxide and Mg(OH) 2 or MgO, one or more chelating 
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agents. Suitable chelating agents include the aforementioned DTPA, EDTA or salts thereof or 
fixtures. As in the case of Mg(OH)2 and MgO ? the chelating agent may be introduced into the 
bleaching tower 6 by any art recognized method, including as an aqueous solution charged 
directly to the bleaching tower 6. As in the cgtse of Mg(OH)2 or MgO, the chelating agent may 
be added to the bleaching mixture, to the bleaching tower directly, via a feed line, or, as depicted 
in FIGs. 1-2, as part of a bleaching liquor 18, in the chelating step, or any other point in the 
system. 

The bleaching mixture 12 is advantageously held in the bleaching tower 6 for a period of 
time sufficient to attain optimal brightness. The person skilled in the art will recognize that the 
precise bleaching period will vary from mill to mill, from one pulp to another, based on the 
consistency of the pulp, etc. In some embodiments according to the present invention, the 
bleaching period is from about 0.5 hours up to about 6 hours, preferably in the range of about 1 
to about 3 hours, more preferably from about 2 to about 3 hours. 

In the following discussion, the concentration of various additives, such as chelating 
agents, hydrogen peroxide and magnesium hydroxide, are given in weight percent (% based on 
pulp mass). For the purposes of the following discussion, a value of 1% is equivalent to 1 Kg 
additive per 100 Kg of pulp in the slurry. The consistency of the slurry, where reported, is given 
in %wt/voL For instance, a slurry having a consistency of 12 %wt/vol. has 12 Kg of pulp per 
100 liters of volume. 

The pulp slurry 12 in bleaching tower 6 advantageously has a consistency of about 5 % to 
about 35 %. The present inventors have noted that the bleaching efficiency tends to increase 
with increasing consistency, therefore it is desirable that the consistency be at least about 10 %, 
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and in preferred embodiments, the pulp consistency will be about 10% to about 23%, more 
preferably about 1 5% to 23%. 

The bleaching mixture 12 is advantageously heated in the bleaching tower 6 in order to 
take advantage of the increased bleaching efficiency, e.g. increased speed of bleaching reaction, 
that is attained at higher temperatures. A suitable temperature range for bleaching is from about 
120 °F to about 210 °F (49°C to 98°C). The person skilled in the art will recognize that the 
particular temperature chosen will depend upon the mill, the cost of heating fuel, and the relative 
increase in reaction speed achieved through heating. 

The initial concentration of hydrogen peroxide in the bleaching tower 6 is up to about 6.0 
wt. % based on the pulp dry mass. In particular embodiments according to the present invention, 
the initial hydrogen peroxide concentration is in the range of about 1 .0 wt. % to about 6.0 wt. %. 
The person skilled in the art will recognize that the initial concentration of hydrogen peroxide 
necessary to attain optimal bleaching may need to be adjusted depending on pulp, desired 
brightness, etc. 

The initial concentration of Mg(OH)2 or MgO in the bleaching tower 6 is from about 0.5 
wt. %, preferably 1.0 wt. % to 2.0 wt. %, up to about 5.0 wt. %, based on the pulp dry mass. 
Unless otherwise specified herein, when speaking of amounts or concentrations of MgO, it is to 
be understood that the value for MgO is in relation to the pulp dry mass of Mg(OH)2. As the 
formula weight of Mg(OH) 2 (58.33 g/mol) is about 1.5 times that of MgO (40.31), a 
concentration of MgO equivalent to up to about 5.0 % of Mg(OH)2 is up to about 3.5 % MgO. 

The precise initial dosage of Mg(OH)2 or MgO may be determined empirically, for 
instance by bleaching a test portion of pulp measuring the pH of the bleaching mixture at the end 
of the bleaching period, that is the final pH. The initial concentration of Mg(OH)2 should be 
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chosen so that desired brightness is obtained. Usually, the final pH is in the range of about 5.0 to 
about 8.5, and more preferably in the range of about 6.5 to about 8.0. The person skilled in the 
art will recognize that the initial pH will be somewhat lower, with the pH gradually rising during 
the bleaching reaction. The person skilled in the art will furthermore recognize that in the 
context of the present invention, at or near neutral pH means in the range of about 5.0 to about 
8.5. 

The foregoing bleaching conditions have been found to produce a bleached wood pulp 
product having an ISO brightness comparable to that achievable with prior art methods at 
significantly higher pH values, i.e. in the range of about 10 and higher, while reducing or 
avoiding altogether problems associated with the higher pH bleaching processes. In particular 
embodiments according to the present invention, optimal brightness may be achieved when the 
mass ratio of Mg(OH)2 to H2O2 is in the range of about 25 parts to about 75 parts of magnesium 
compound per 1 00 parts of hydrogen peroxide, based on a Mg(OH)2 equivalence. In these 
processes, where increased brightness is desired, about 0.1 to 1.0 wt.%, preferably about 0.2 
wt.% of a hydrosulphite may be added to the pulp mixture in the chelation stage and/or 
preferably about 0.7 wt.% in the hydrosulfite stage. Sodium hydrosulphite is preferred. 

Under conditions set forth above, the process according to the present invention will 
produce paper pulp having ISO brightness values comparable to those obtainable using caustic as 
the main source of added alkali. In some embodiments according to the present invention, the 
bleached pulps have ISO brightness values of at least about 69 % and greater, more preferably at 
least about 71 % and greater, and even more preferably up to about 75%. The bleached pulp also 
has excellent brightness reversion characteristics, that is, there is little brightness decrease in the 
pulp over time. 
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In some embodiments according to the present invention, the bleaching process is carried 
out in a pH range of about 4.0 to about 8.5, preferably in the range of about 4.9 to about 8.5, 
using a pulp consistency of 6-25 wt%, preferably 12-25 wt%, with a bleach temperature of about 
1 10 °F to about 140 °F (about 43 °C to about 60 °C) and a bleach time of about 1 to about 6 
hours, preferably about 1.5 to about 3 hours. The bleached pulp produced according to the 
present invention has an ISO brightness of greater than about 69.0 %, preferably greater than 
about 70.0 %. The magnesium compound selected from the group consisting of Mg(OH)2 and 
MgO has a transition metal content of less than about 50 wt% of the transition metal content in a 
corresponding naturally occurring magnesium compound; preferably the magnesium compound 
has a transition metal content of less than about 25 wt% of the transition metal content of the 
corresponding naturally occurring magnesium compound. 

As the process according to the present invention is carried out at or near neutral pH, the 
side reactions that degrade hydrogen peroxide at higher pH values are either eliminated or 
greatly attenuated. As a result, a significant portion of hydrogen peroxide will be left in the 
bleached pulp 24 when it is discharged from the bleaching tower 6. In certain embodiments 
according to the present invention, it is economical to recover a portion of the residual hydrogen 
peroxide in bleached pulp 24. This is accomplished, as stated above, by passing the bleached 
pulp 24 through a press 26, where recovered bleaching liquor 30 is separated from bleached pulp 
product 28. The recovered bleaching liquor 30 is recycled to the bleaching tower 6, optionally 
through the steam mixer 4. As the consistency of the pulp in bleaching tower 6 must be carefully 
controlled, it is not always possible to recycle all the recovered bleaching liquor 30. As the 
amount of hydrogen peroxide in the bleaching liquor 30 is usually lower than required for 
optimal bleaching, an aliquot of fresh hydrogen peroxide may be added to the bleaching tower 6 
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via/ for instance, bleaching liquor 18. The ratio of recycled to fresh hydrogen peroxide is 
advantageously in the range of about 0:1 to about 1:1, and more preferably the ratio of recycled 
to fresh peroxide is 0,05 : 1, 0.1 : 1 and 0.2 : L 

In a further aspect of the present invention, either H2O2 or Mg(OH) 2 or both may be 
added in more than one aliquot to the bleaching tower 6. In other embodiments according to the 
present invention, each of hydrogen peroxide and magnesium hydroxide is added in a single 
charge. 

Where chelating agent is added in the bleaching stage, the concentration of chelating 
agent, such as DTP A, may be stated as a ratio with respect to the concentration of Mg(OH)2. For 
instance, where the chelating agent is DTPA, and a charge of 0.05 %, 0.1 %, 0.15 % or 02 % 
DTP A is used, the ratio of DTPA / Mg(OH) 2 is in the range of about 0.03 to about 0.25. Where 
DTPA is present in a concentration of about 0.1 %, the ratio of DTPA to Mg(OH) 2 is 0.03, 0.04, 
0.05, 0.07, 0.10, 0.15, 0.20 or 0.25. The amount of DTPA may be adjusted in relation to the 
amount of Mg(OH)2 present as well. For instance, where Mg(OH) 2 is present in a concentration 
of about 1.0 % the ratio of DTPA to Mg(OH) 2 is 0.03, 0.04, 0.05, 0.07, 0.10, 0.15, 0.20 or 0.25. 
Persons skilled in the art will recognize that other values of DTPA / Mg(OH) 2 ratios are possible, 
and the foregoing are merely illustrative. See Table 10. In any case, the chelating agent is 
preferably added in a concentration of up to about 0.1 wt %, preferably up to 0.5 wt. % based on 
pulp dry weight. 

In a preferred aspect of the present invention, the process includes two separate steps, a Q 
stage and a P stage. The Q stage, or chelation stage, is prior to the washing step in washer 2, as 
previously described. The P stage, or peroxide stage, roughly correlates to the bleaching stage 
carried out in the bleaching tower 6, as described above. In the Q stage, chelating agent is added 
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up to a concentration of about 0,5 % based on the pulp dry weight. The chelating agent is 
allowed to contact the pulp for a time of up to about 30 minutes. Then the pulp is dewatered to 
remove excess water and transition metals that have been sequestered by the chelating agent. 

The P stage, or bleaching step, . is allowed to progress for a period of time to allow for 
complete bleaching of the pulp. The pulp and bleaching liquor may be mixed together for a 
period of time while samples of pulp are extracted from time to time to test for brightness. In 
such instances, the bleaching liquor is removed from the pulp when the pulp reaches the desired 
brightness, or when the pulp reaches maximum brightness as determined by a plot of brightness 
versus bleaching time. The ordinary artisan will appreciate that various bleaching times will be 
required for various species and qualities of pulp wood, and that these are considered to be 
within the scope of the present invention. 

The proportions of recycled and fresh hydrogen peroxide used will vary, depending in 
part upon the amount of recycled residual hydrogen peroxide recovered in the recovery stage. 
The preferred total amount of hydrogen peroxide present generally comprises about 50 % to 
about 95 % fresh hydrogen peroxide and about 5 % to about 50 % recycled hydrogen peroxide. 
More preferably, the total amount of hydrogen peroxide comprises about 10 % to about 40 % of 
recycled hydrogen peroxide, with the remainder of total hydrogen peroxide being fresh hydrogen 
peroxide (i.e. about 60 % to about 90 %). In even more preferred aspects, the total hydrogen 
peroxide is made up of about 40 % recycled hydrogen peroxide, the remaining 60% being fresh 
hydrogen peroxide. In exemplary embodiments according to the present invention, total 
hydrogen peroxide is about 10 %, 20 %, 25 %, 30 % or 40 % recycled hydrogen peroxide, the 
remainder in each case being fresh hydrogen peroxide. 
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The process of the invention includes a bleaching step that preferably takes place at or 
near neutral pH, e.g. from a pH of about 5.0 to about 8.5. In some cases, the brown stock pulp 
starts out at a pH of between 4.0 and 5.5, and after addition of magnesium hydroxide and 
hydrogen peroxide, the pH gradually rises to,a point between 7.0 and 8.L The skilled artisan 
will recognize that this pH range is significantly lower than the typical pH range of 10 to 12 
associated with caustic soda mediated hydrogen peroxide bleaching. The pH of pulp upon 
exiting the bleaching tower is in the range of about 5.0 to about 8.5, more preferably in the range 
of about 6.5 to about 8.0. 

The present invention uses magnesium hydroxide or magnesium oxide as the 
predominant, and preferably essential, source of added alkali in hydrogen peroxide bleaching of 
mechanical pulps, such as TMP. The present invention thus avoids the use of both added 
caustic, such as sodium hydroxide, and silicate, such as sodium silicate. The substitution of one 
chemical for two results in cost savings. The resulting bleaching liquor is considerably gentler 
on the pulp. As a result, the process of the invention gives better pulp yield, as evidenced by 
lower chemical oxygen demand (COD) than the prior art caustic soda process. The process also 
results in lower levels of anionic trash, i.e. cationic demand, which reduces the amount of 
retention chemicals necessary to produce paper in down-stream processes. Because magnesium 
hydroxide and magnesium oxide have relatively low solubility, activation of hydrogen peroxide 
to the perhydroxyl anion is slower but more consistent in concentration in the present invention 
as compared with the prior art. As a result, the hydrogen peroxide undergoes fewer side- 
reactions and there is sufficient residual hydrogen peroxide at the end of the bleaching step to 
make it feasible to recycle at least a portion of the bleaching liquor comprising residual peroxide. 
The process according to the present invention furthermore produces a pulp having ISO 
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brightness and reversion characteristics similar to or better than those produced by prior art 
processes. 

EXAMPLES 

The following examples are presented to illustrate the present invention. The person 
skilled in the art will recognize that these examples are purely illustrative and are not intended to 
limit the scope of the present invention. In the examples and throughout the application, parts 
are by weight unless otherwise indicated. 

Experiments were performed to investigate the use of magnesium hydroxide, Mg(OH)2, 
and magnesium oxide, MgO as alkali sources and stabilizing agents in peroxide bleaching of 
TMP. Control experiments were conducted using caustic soda, sodium silicate, and DTPA. A 
direct comparison was made between Mg(OH)2, MgO, NaOH, and NaSiC>3. The effect of 
particle size of Mg(OH)2 was also evaluated. 

Hydrogen peroxide bleaching experiments were performed on softwood TMP from a 
northeastern mill after refining (TMP#1). The brightness of this TMP#1 brownstock was 62.0% 
ISO. The "best case" parameters from these bleaching tests were used to test another softwood 
TMP from another northeastern mill after refining (TMP#2). 

The chelation stage employed DTPA and 10% consistency pulp at 70°C for 30 minutes. 
In the hydrogen peroxide stage, sodium silicate and caustic soda were added to the pulp at 70°C. 
Bleaching time was varied from 1 to 6 hours. The base case or control sample used the standard 
bleaching recipe as given in Table 1 . In further bleaching cases, DTPA was also added at the 
hydrogen peroxide stage. 
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All results are reported in Table 2, which also shows the conditions used. FIGs. 3 and 4 
show the brightness data and peroxide residual data, respectively. Data for pH can be seen in 
FIG. 5. 

Comparative Bleaching Experiments for TMP#1 Pulp 

Chelation. The chelation stage was first tested. Three experiments were done using the 
appropriate chemical: (1) blank, using distilled water, (2) mill conditions, using 0.3% DTPA, and 
(3) Mg(OH) 2 substitution, using 0.363% Mg(OH)2 . The brightness results are shown in FIG. 3. 
The blank and DTPA chelation show approximately the same brightness gain, going from a 
brownstock value of 62.0% to 63.4% ISO for the blank and 63.8% for the DTPA chelation. The 
Mg(OH) 2 chelation darkened the pulp to 58.0% ISO. Since this Mg(OH) 2 darkened the pulp, 
no further work was done on this Mg(OH) 2 chelated pulp. Further experiments were done using 
DTPA chelated pulp, at either 0.2% or 0.3% in the chelation stage. 

Base Case (Control employing caustic and silicate). Mill conditions were followed for 
the base case, and three reaction times were examined: 1, 2, and 3 hours. A 0.3% DTPA 
chelation stage was used, and 3% Na 2 Si0 3 , 1.6% NaOH, and 2% H 2 0 2 in the peroxide stage. 
Results are found in Table 2. FIG. 3 shows the brightness values for the three reaction times. 
There was little difference in brightness values for the three reaction times, ranging from 72.5% 
to 73.1% ISO. Peroxide residual was also similar for the three reaction times - however, it did 
decrease slightly with reaction time, from 0.48 g/1 at one hour to 0.37 g/1 at three hours. The 
initial pH was similar for all three experiments, and the final pH was lower for the longer 
reaction times, 8.7 at one hour to 7.7 at three hours. These results led to choosing a two hour 
reaction time for the next set of experiments. 
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Case 1. Case 1 experiments replace sodium silicate with magnesium hydroxide. The 
0.3% DTPA chelation stage was kept the same. The hydrogen peroxide dose was held at 2%, 
while the Mg(OH) 2 dose was changed from 0.5 to 1.5%. The NaOH charge was varied to reach 
the initial pH target of 11.2 to 11.8.' Results are found in Table 2. FIG. 3 shows the ISO 
brightness values, while FIGs 4 and 5 show the residual H 2 0 2 and pH, respectively. 

This case produced pulp having inferior brightness as compared to the base case, where 
the bleaching reaction was carried out in the presence of added caustic and silicate. The base 
case two hour reaction time resulted in a brightness of 72.5% ISO, whereas the best condition for 
Case 1 experiments, 0.5% Mg(OH) 2 , resulted in a brightness of 62.5% ISO. Higher levels of 
Mg(OH) 2 resulted in lower brightness values. There is little peroxide residual under these 
conditions. The initial and final pH values are similar to the base case. 

Case 1-A. Since Mg(OH) 2 was being added in the peroxide stage, two experiments were 
done adding DTPA to the peroxide stage, in addition to the chelating stage. The same total 
amount of chelant was added, 0.3%, but 0.2% was used in the chelation stage, and 0.1% added 
during the peroxide stage. 0.5% Mg(OH) 2 was used in both experiments, but two lower doses of 
peroxide were used, 1% and 1.5%. These results are shown in Table 2. As is shown, the 
addition of chelant in the peroxide stage increased the brightness over the Case 1 results, even 
with a lower peroxide charge. At the 1.5% peroxide charge, the brightness attained 64.7% ISO, 
a 2 point increase over the Case 1 results. However, that value is still almost 8 points lower than 
the base case. 

These results caused the remaining experiments to be done with the chelant charge split 
between the chelation stage and the peroxide stage. 
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Case 2. Case 2 experiments replace both sodium silicate and sodium hydroxide with 
magnesium hydroxide. The chelation stage used 0.2% DTPA. The peroxide stage was charged 
with 0.1% peroxide, 2% H 2 0 2 , and four doses of Mg(OH) 2? from 0 to 1.5%, were tested. 
Reaction time was two hours. The results are in Table 2. 

The best result for this set of experiments is again at 0.5% Mg(OH) 2 , where the 
brightness is 70.3% ISO, approaching the base case of 72.5% ISO. It is an eight point increase 
over the Case 2 results at the same Mg(OH) 2 and peroxide dosages, but without NaOH, and with 
chelant added at the peroxide stage. These conditions also result in a substantial peroxide 
residual, 0.97 g/1 at 0.5% Mg(OH) 2 . The pH for these experiments is lower than for the other 
experiments. Without the silicate or caustic, the initial pH with the Mg(OH) 2 is 6.5 to 7, and the 
final pH increases to 7.3 to 8.2, higher with the higher Mg(OH) 2 charge. 

The results of these experiments showed that the brightness of the base case could be 
approached using magnesium hydroxide. There was still residual peroxide at 0.5% Mg(OH) 2 
charge, and so potential for further reaction. Case 2-A increased the reaction time. Case 2-B 
increased the peroxide charge applied. 

Case 2-A. These experiments follow the conditions of Case 2 experiments, but with the 
Mg(OH) 2 charge held at 0.5%, and the peroxide charge varied. 

Increasing the peroxide charge increased the brightness gain. At 3% peroxide charge in 
Case 2-A, the brightness increased to 72.4% ISO, which is very similar to the base case value of 
72.5% ISO, at the two hour reaction time. 

Case 2-B. These experiments follow the conditions of Case 2 experiments, but with the 
Mg(OH) 2 charge held at 0.5%, and the reaction times varied. 
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Increasing the reaction time increased the brightness, and a six hour reaction time gave a 
brightness of 71.6% ISO. This is about a point below the base case value of 72.5% ISO at two 
hour reaction time. 

Case 3. Case 3 experiments screen some other particle sizes of Mg(OH)2, as well as 
Natural MgO and MagChem 35, a commercially available MgO. The 0.415 micron Mg(OH)2 
was the material used in all other experiments. 

There was little difference in the brightness response for the different sizes of Mg(OH)2, 
all about 70% ISO. The Natural MgO response was worse than all others, by about 3 points, and 
the MagChem 35 MgO response was somewhat better, 7L1% ISO due to the higher magnesia 
charge on a chemical equivalent Mg(OH)2 basis. 

Base Case brightness results could be approached without silicate or caustic addition, by 
peroxide bleaching with the addition of DTPA and Mg(OH)2 in the peroxide stage. Base Case 
results could be reached by increasing peroxide charge, and closely approached by increasing 
reaction time to six hours. 

A 0.5% Mg(OH)2 charge seemed optimum with conditions used at this point. 

Particle size of Mg(OH>2 did not seem to have much effect. 

Natural MgO contains more transition metals such as manganese and iron which resulted 
in a lower brightness (67.16% ISO) and lower peroxide residual This indicates that the high 
concentration of transition metals caused the peroxide to decompose. 

Magnesium hydroxide and magnesium oxide appear to give similar brightness to the base 
case at a neutral pH. This contradicts the conventional belief that peroxide bleaching is optimum 
at an alkaline pH range of 10.8 to 1 1.0. Since magnesium hydroxide and magnesium oxide have 
a low solubility relative to caustic soda, hydroxyl ions (OH") are only sparingly soluble to 
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promote the formation of perhydroxyl anions (OOIT). From the data, magnesium 
hydroxide/magnesium oxide seem to provide just enough hydroxyl ions to shift the equilibrium 
favorably to the right for perhydroxyl anion formation. As a result, comparable brightness is 
achieved at a lower pH yielding a high residual peroxide concentration. Further optimization can 
determine if this residual peroxide can be recycled for additional bleaching reactions. 

The columns headed L ? a ? and b contain HunterLab™ color numbers. The "L" number 
indicates brightness, which ranges from 0 (black body) to 100 (perfect brightness). The "a" 
number indicates red (+a) to green (-a), while the "b" number indicates yellow (+b) to blue (-b). 
One familiar with this system of color coding can envision the color by knowing the L-a-b 
numbers. 
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Additional work was performed to test 'best case' conditions from this study on TMP#2 

pulp. 

Bleaching Experiments for TMP#2 Pulp 

Chelation. As with the experiments conducted for TMP#1 pulp, the chelation stage was 
first tested for TMP#2 pulp. Three experiments were done using the appropriate chemical: (1) 
blank, using distilled water, (2) mill conditions, using 0.3% DTPA, and (3) Mg(OH) 2 
substitution, using 0.363% Mg(OH)2 . The brightness results are shown in Table 3. The blank 
and DTPA chelation show approximately the same brightness gain, going from a brownstock 
value of 60.9% to 60.5% ISO for the blank and 60.6% for the DTPA chelation. Again, the 
Mg(OH)2 chelation darkened the pulp to 56.1%. Since the Mg(OH)2 darkened the pulp, no 
further work was done on Mg(OH)2 chelated pulp. All further experiments were done using 
DTPA chelated pulp, at either 0% to 0.3% in the chelation stage. 

Base Case. Mill conditions were followed for the base case, and two reaction times were 
examined, 2 and 5 hours. A 0.3% DTPA chelation stage was used in addition to 3% Na 2 SiC>3, 
1.44% NaOH, and 2% H2O2 in the peroxide stage. Results are found in Table 3. FIG. 6 shows 
the ISO brightness values for the two reaction times, while FIGs. 7 and 8 show the residual 
peroxide and pH, respectively. As with the TMP#1 pulp, there was little difference in brightness 
values for the two reaction times for the TMP#2 pulp. Brightness values for 2 and 5 hours were 
69.8% and 70.3% ISO, respectively. Peroxide residual was also similar for the two reaction 
times - however, it did decrease slightly with reaction time, from 0.714 g/1 at two hours to 0.646 
g/1 at five hours. The initial pH was similar for both experiments, and the final pH was lower for 
the longer reaction time, 8.1 at two hours to 7.3 at five hours. 
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The following experiments replace caustic soda and sodium silicate with DTPA and 
magnesium hydroxide or magnesium oxide. 

Varying Particle Size. In this set of experiments, Mg(OH)2 with varying median 
particle sizes (as measured by a Micromeritics 5100 Sedigraph) were added to the peroxide stage 
at 0.50%. A 2 hour reaction time was employed for these experiments. DTPA was added to the 
peroxide stage in addition to the chelating stage. The same total amount of chelant was added, 
0.3%, but 0.2% was used in the chelation stage, and 0.1% added during the peroxide stage. The 
peroxide dosage was kept constant at 2.0%. 

There was little difference in the brightness response for the different sizes of Mg(OH) 2 . 
Brightness values were either 68.6% or 68.7% ISO as seen in Table 3. As a result, the 0.415 
micron Mg(OH) 2 was used for subsequent experiments. These brightness values are slightly 
lower than the base case at two hours and 0.3% DTPA in the chelation stage (69.8% ISO) but 
were achieved at a significantly lower initial pH (5.3 to 6.0). 

Varying Chelant. The DTPA dosage was varied in both the chelation stage and 
peroxide stage while the Mg(OH) 2 dosage (0.415 micron) and peroxide dosage were kept 
constant at 0.50% and 2.0%, respectively. A 5 hour reaction time was used. As Table 3 shows, 
Mg(OH) 2 in the peroxide stage with no DTPA in both the chelation and peroxide stage results in 
the lowest brightness value (64.4% ISO) and peroxide residual (0.218 g/L). Adding 0.2% DTPA 
just in the chelation stage with Mg(OH) 2 in the peroxide stage produced a higher brightness 
(69.5% ISO) than 0.1% DTPA added just in the peroxide stage (67.3% ISO). Splitting the 
DTPA charge between the chelation and peroxide stage yielded similar brightness values to 0.2% 
DTPA just in the chelation stage. Results can be seen in Table 3. Brightness, peroxide residual, 
and pH values can be seen in FIGs. 6, 7, and 8, respectively. Again, the pH for these experiments 
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is lower than for the base case experiments. Without the silicate or caustic, the initial pH with 
the Mg(OH) 2 is 5.5 to 6.3, and the final pH increases to 6.1 to 6.7. 

The best result for this set of experiments is at 0.15% DTPA in the chelation stage and 
0.05% DTPA in the peroxide stage (69.5% ISO). This brightness value again approaches the 
base case of 70.3% ISO at 5 hours reaction time. These conditions, however, also result in a 
substantial peroxide residual of 1.408 g/1 compared to the base case of 0.646 g/L. With the 
higher peroxide residual, there is potential for further reaction. 

Using MgO. In place of Mg(OH) 2 , 0.50% MgO was substituted in the peroxide stage. 
A two hour reaction time with a split DTPA charge of 0.2% in the chelation stage and 0.1% in 
the peroxide stage was employed. As with other experiments for the TMP#2 pulp, a 2% 
peroxide dosage was kept constant. Compared to Mg(OH) 2 at the same conditions, a higher 
brightness was achieved with the MgO (70.1% ISO). This is higher than the base case at a two 
hour reaction time and 0.3% DTPA (69.8% ISO). The peroxide residual, however, was higher 
for the MgO (1.394 g/L) than the base case (0.646 g/L). Magnesium hydroxide at the same 
conditions produced an even higher peroxide residual (1 .66 to 1.67 g/L). 

At a 5 hour reaction time and lower DTPA charge (0.15% in the chelation stage, 0.05% 
in the peroxide stage), the MgO had a similar brightness to the previous experiment (70.0% ISO 
versus 70.1% ISO). This brightness is also comparable to the base case at a 5 hour reaction time 
and higher DTPA dosage of 0.3% (70.3% ISO). This experiment not only indicates a full 
substitution for caustic soda and sodium silicate with MgO, but a lower DTPA requirement to 
achieve comparable brightness. Compared to Mg(OH) 2 at the same conditions, the MgO case 
again resulted in a higher brightness (69.5% versus 70.0% ISO). 
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In both MgO experiments, a higher initial pH was achieved when compared to the 
Mg(OH)2> cases. However, the initial pHs were still significantly lower than the base case. 
The results can be seen in FIGs. 6, 7, and 8. 

L A COMPARISON OF BLEACHING RESULTS FOR TMP#1 AND TMP#2 

Comparing the TMP#1 and TMP#2 experiments that were conducted at similar 
bleaching conditions, it can be shown that there was little bleaching response difference between 
the different particle sizes for Mg(OH)2. Both northeastern softwood TMP pulps behaved 
similarly given the same bleaching conditions for the base case, Mg(OH)2 case, and MgO case. 

Table 4 shows the results for both TMP#1 and TMP#2 experiments with MgO and 
varying particle size Mg(OH)2 samples. 

FIGs. 6-8 depict the brightness, peroxide residual, and pH values. Addition of 0.50% 
MgO is equivalent to addition of 0.72% Mg(OH)2. MgO is not more effective but the addition of 
more alkali was effective. While the data seems to indicate that that Mg(OH)2 addition was less 
than optimal, this is due to the difference in molecular weights of MgO and Mg(OH) 2 . Since the 
brightness was higher, it naturally follows that the residual addition was less than optimal. Since 
the brightness was higher, it naturally follows that the residual peroxide is lower. It must be 
remember that in all of these cases there is an excess of peroxide and deficiency of alkali. 

The L-a-b numbers are the HunterLab color numbers described previously. 
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Hydrogen Peroxide Bleaching of TMP Pulps using Mg(OH)2 _ 

i * 

Hydrogen Peroxide Bleaching of TMP Pulps using MgfOHV. Optimization Experiments 

Experiments were done to screen various methods of using Mg(OH)2 in peroxide 
bleaching of TMP pulp to uncover optimized bleaching conditions. Pulps from two mills were 
used. These experiments further demonstrated that mill condition brightness values could be 
approached by peroxide bleaching using Mg(OH) 2 , without the use of caustic or silicate in the 
bleaching liquor. In many experiments, the residual peroxide content was substantial, and 
brightness could perhaps be increased if the residual could be utilized. 

Procedures and Experiments 

The following experiments were done on an unchelated pulp sample using a 3.1 micron 
Mg(OH)2 sample supplied by Martin Marietta Magnesia, Baltimore, MD. Bleaching procedures 
were outlined above. Bleaching conditions are found in the data Tables 5-11, below. 

Bleaching experiments were done using a chelation stage followed by a hydrogen 
peroxide stage, both at 10% consistency (where consistency is wt% pulp in slurry), and the pulp 
was then washed and tested. Procedures were modified slightly from the first phase of the work. 
The chelation stage was done on one day, and the peroxide stage on the following day, to 
accommodate personnel scheduling (as opposed to both stages being done on the same day). 
The pulp washing procedure was modified to always use the same amount of water. 

Control 

Mill conditions (10% consistency, 70°C, chelation, 0.2% hydrosulfite, 0.3% DTP A, 30 
min.; peroxide stage, 0.3% silicate, 1.5% NaOH, 2% peroxide, 5 hours) 
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Split Mg(OH) 2 addition 

Split Mg(OH)2 experiments were conducted to determine whether additional Mg(OH) 2? 
after the initial dose at the beginning of the peroxide stage, helps to decompose some of the 
remaining peroxide residual, so the bleaching reaction can continue to target brightness without 
additional peroxide. 

Experiments were also conducted to determine whether recycling of residual peroxide 
can increase brightness gain. 
Split Mg(OH>? Addition experiments 

The results from the split addition Mg(OH) 2 experiments (starting the bleaching with 
0.1% DTP A, 2% peroxide, 0.5% Mg(OH) 2 , then after 2 hours adding additional Mg(OH) 2 ) are 
found in FIGs. 9-11, in which the Mg(OH) 2 charge is shown along the abscissa and brightness, 
residual peroxide and initial and final pH are shown along the ordinate of each figure, 
respectively. 

The mill control conditions were reached with a 0.5% Mg(OH) 2 in the beginning, and an 
additional 0.25% Mg(OH) 2 during the reaction time. Brightness increased with increasing 
dosage of Mg(OH) 2 added during the reaction, and residual peroxide decreased. There was still 
residual available with a 0.5% Mg(OH) 2 additional dose. 

Experiments were conducted to determine the effects of Fresh Peroxide + Filtrate 
Peroxide Experiments on bleaching results. 

FIGs. 12-14 show results of these experiments, using the pulp sample from Phase 1 work, 
of substituting residual peroxide for fresh. FIG. 12 shows how brightness varies with peroxide 
charge and FIGs. 13-14 show how residual peroxide and initial and final pH are affected by 
peroxide charge. They show that the substitution worked, as long as the proper amount of 
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Mg(OH)2 was added. As can be seen in FIG. 12, at a DTPA concentration of 0.2 % and a 
Mg(OH)2' concentration of 0.5%, a ratio of 1.2 % fresh to 0.8 % residual hydrogen peroxide 
(based on pulp mass) gave an ISO brightness value of 69.1%, which is close to the result 
produced by 2 % fresh peroxide, which yielded an ISO brightness value of 69.3%. 

For the following set of experiments, fresh peroxide plus additional peroxide from filtrate 
(residual) from previous bleaching experiments was used in the bleaching liquor. Several 
experiments were done with fresh peroxide only, and the filtrate from these experiments was 
used in filtrate recycling experiments. 

For the 1.5% fresh peroxide plus residual peroxide, the brightness increases with 
increasing filtrate peroxide, about a 1.5 brightness point increase with 1% filtrate peroxide 
added. 

One difference to note in the experiments is the lower pH. In the control, mill condition 
runs have very similar initial and final pH values to the previous work in Phase 1 on the last pulp 
sample, about 10.7 initial to 7.3 final. However, the Mg(OH) 2 experiments show a difference in 
the initial pH values. The Phase 1 experiments showed a 5.5 to 6.3 pH range for the initial, and a 
6.2 to 6.5 range for the final pH, while the current experiments show a 4.7 to 5.1 range for initial, 
and a 5.8 to 6.3 range for the final pH. The current experiments used hydrosulfite in the 
chelation stage, which may contribute to lower pH. This set of experiments used a new sample 
of Mg(OH) 2 which had a 3.1 micron particle size. In the Phase 1 work, this size gave a lower 
initial pH, but did not affect brightness results 

FIGs. 15-17 show the ISO brightness, residual peroxide and pH results for a second set of 
experiments in which at least a portion of the hydrogen peroxide in the bleaching tower is 
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introduced via a recycled filtrate. FIGs. 18-20 show the ISO brightness, residual peroxide and 
pH results for experiments in which the filtrate is repeatedly recycled. 

Handsheet Strength Values 

Handsheets were made from select pulps, to compare strength values for the different 
pulping conditions. Two control pulps were chosen, and then pulps from various Mg(OH) 2 
experiments that had similar brightness values to the control pulps. 

Table 5 shows the pulp strength testing of pulps from various experiments, and Figure 
28 shows the pulp strength. Little difference is seen between any of the pulps. Table 6 shows 
the data for brightness reversion characteristics for Mg(OH) 2 and MgO. 



Table 5. Handsheet Strength Data for Bleached Northern TMP 



Experiment 
Brightness 


Control 
70.51 


Control 
70.54 


Split 
Mg(OH) 2 
Addition 

70.55 


Kecycie 
Residual 
Peroxide (2% 
fresh) 
70.06 


Kesponse 
Curve for 
Mg(OH) 2 

70.49 


Caliper (mm) 


0.141 


0.141 


0.146 


0.153 


0.154 


Sheet Density (g/cm 3 ) 


0.423 


0.414 


0.395 


0.391 


0.409 


Bulk (cm J /g) 


2.37 


2.42 


2.53 


2.56 


2.45 


grammage (gsm, OD) 


59.6 


58.4 


57.7 


59.8 


62.9 


load (Ibf) 


8.74 


8.46 


8.35 


7.79 


8.16 


stretch % 


2.61 


2.59 


2.53 


2.39 


2.72 


integral (Ibf-in) 


0.62 


0.62 


0.60 


0.51 


0.62 


Tensile Strength (kN/m) 


2.59 


2.51 


2.48 


2.31 


2.42 


Tensile Index (Nm/g) 


39.3 


38.9 


38.9 


35.0 


34.8 


Breaking Length (km) 


4.01 


3.97 


3.96 


3.56 


3.55 


TEA (J/nrO 


46.80 


46.37 


44.99 


38.68 


46.83 


Tear Index (mNm'Vg) 


7.97 


8.15 


7.68 


7.67 


7.89 


Burst Index (kPa.m2/g) 


2.41 


2.34 


2.29 


2.21 


2.13 


Wet Z-span Breaking 
Length (km) 


6.3 


6.3 


6.3 


6.4 


5.8 
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' Table 6. Brightness reversion for Mg(OH) 2 and MgO Bleached Northern TMP 





Brightness, ISO % 








Initial 


After aging 


Brightness 
Reversion 


% 


Control 2hr (D2) 


70.8 


66.7 


A 1 


S 8 

J.O 


Mg(OH) 2 2hr(F3) 


69.2 


64.8 


4.4 


6.4 


Mg0 2hr 


70.5 


65.9 


4.6 


6.5 


Control 5 hr 


70.0 


66.7 


3.3 


4.7 


Mg(OH) 2 5 hr (f-1) 


68.4 


64.7 


3.7 


5.4 


Mg0 2hr 


69.4 


66.6 


2.8 


4.0 





Mill bleached pulp 


PNaOH PUlp 


PMg(OH) 2 P«'P 


COD (kg/ton) 




56.7 


46.3 


Cationic charge demand (mef/kg) 


16.5 


20.2 


12.9 



Sample 


Median 
Particle 
Size (jxrn) 


Surface : 
Area 
(m 2 /g) 


% 
Solids 


' MgCOHV 
(%) 


CaO 

(%r 


SiO a 
(%) 


Fe 2 01 

; (%) 


A1 2 0 3 
(%) 


SQ 3 
(%) 


CI 
(%) 


Mn 
(ppm) 


LOI 
(%) 


P277- 
261-1 


2.50 


10.4 


59.8 


98.71 


0.67 


0.19 


0.09 


0.06 


0.04 


0.23 


100.0 


-31.0 


P277- 
261-2 


1.52 


11.4 


59.8 


98.72 


0.67 


0.19 


0.09 


0.06 


0.03 


0.23 


106.0 


-31.0 


P277- 
261-3 


0.65 


13.6 


59.8 


98.74 


0.67 


0.19 


0.09 


0.06 


0.01 


0.23 


112.0 


-31.0 


P277- 
262-1 


0.415 


22.3 


53.4 


98.74 


0.64 


0.19 


0.10 


0.06 


0.01 


0.25 


-100.0 


-31.0 


P277- 
262-2 


0.603 


18.4 


56.4 


98.73 


0.65 


0.19 


0.09 


0.06 


0.01 


0.26 


-100.0 


-31.0 


P277- 
262-3 


1.461 


16.8 


56.4 


98.75 


0.64 


0.19 


0.09 


0.06 


0.01 


0.25 


-100.0 


-31.0 


P277- 
262-4 


3.101 


15.5 


56.4 


98.74 


0.64 


0.19 


0.09 


0.06 


0.01 


0.26 


-100.0 


-31.0 


MgO 


3.80 


30.0 


N/a 


98.51 


0.70 


0.28 


0.12 


0.09 


0.01 


0.28 


108.0 


1.76 
— ► 


(MgO 
basis) 


















Natural 
MgO 


8.09 


28.8 


N/a 


97.30 


1.72 


0.31 


0.53 


0.12 


0.31 


0.019 


194 


2.68 
h 


(MgO 
basis) 



















Mg(OH) 2 % by difference (dry basis). 
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46396-628 

FIGs. 21-24 show the ISO brightness, residual peroxide, and initial and final pH and 
COD values for experiments at various charges of Mg(OH)2. FIGs. 25-27 show the ISO 
brightness, residual peroxide and initial and final pH values for experiments at ratios of chelant 
(DTP A) to Mg(OH) 2 . 

FIG. 28 shows bulk, breaking length, tear index, burst index and wet Z-span breaking 
length for paper produced from pulp subjected to control, split magnesium hydroxide, peroxide 
recycle and response curve for magnesium hydroxide conditions. 

FIGs. 29-32 show the response curve of magnesium hydroxide. The H stage is a 
hydrosulfite reductive bleaching stage following the peroxide oxidative bleaching stage. These 
data are summarized in Tables 1 1 and 12 above. 

FIGs. 33-37 show the response curve at medium pulp consistency at 2.5% and 3.0% 
hydrogen peroxide (based on pulp mass) for ISO brightness, peroxide residual and initial and 
final pH, respectively. These data are summarized in Tables 1 1 and 12 above. 

FIGs. 38-40 show the effects of increased pulp consistency (i.e. increased pulp per unit 
volume) on ISO brightness, peroxide residual and initial and final pH. These data are 
summarized in Table 12 above. 

The present invention possesses the following advantageous characteristics when 
compared with the prior art: The present invention reduces chemicals costs by eliminating 
caustic soda and sodium silicate, and by reducing DTPA and hydrogen peroxide usage. The 
present invention eliminates scaling and abrasion caused by sodium silicate. Allows bleaching to 
occur in the refiners. The present invention provides comparable brightness to caustic soda and 
sodium silicate bleaching at a significantly lower pH. The present invention provides for 
peroxide bleaching at a lower pH, which potentially reduces pH adjustment costs downstream. 
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The present invention improves bulk properties of bleached pulp compared to caustic soda The 
present inventioii provides a divalent magnesium, which improves the dewatering properties of 
pulp thus reducing the need for chemicals and defoamers. The divalent magnesium ion can also 
aid in better settling for wastewater treatment operations. The present invention reduces organics 
(BOD/COD) in the bleaching effluent for lower wastewater treatment costs. The present 
invention provides for recycling of high peroxide residuals for a reduction in peroxide usage. 
The present invention provides for improved pulp strength properties compared to caustic soda. 
Further, the invention provides reduced anionic trash and cationic demand for improved 
papermaking operations. 

While the foregoing invention has been illustrated with reference to certain preferred 
embodiments, the person skilled in the art will recognize that other embodiments are embraced 
within the scope of the present invention. 
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